We focus the geodynamic status of Eastern Himalayan Syntaxis with reference to Tibetan Plateau, China and Burmese Arc using the crustal deformation constraints with GPS observation. We have used the GPS data, surface geomorphic constraints and compared the existing Pn velocity and Anisotropy [1], determined the crustal velocity of Tibetan Block and North and East China block as 2 -8 mm/yr and 6 -11 mm/yr considering the EHS as stable block. The lack of crustal deformation studies in EHS poses a gap in its geodynamic setup. The present attempt is first time in EHS to estimate crustal deformation by GPS. We presented GPS results from 10 stations along with one permanent station covering the EHS 2 -3 mm/yr with an azimuth of N460. It reveals that the EHS is moving very slow rates, which accommodates the maximum strain (after Great Earthquake of 8.7 M, Arunachal China Border 1950). The neotectonic activities are recorded along the major rivers traversing EHS follow the major thrusts and faults.
Introduction
Eastern Himalaya lies approximately 270 -190N and 880 -960E and has a strike of NESW with a sharp turn near 960E, where Abor Mishmi hills were formed. Near south of Mishmi hills, the Himalayas bifurcates into two partsNaga Lushai trending NE-SW and ArakanYoma belt trending NNE-SSW in the northern part. Eastern Syntaxis joins the Main Boundary Thrust (MBT) in the Himalaya with Burmese Arc (Figure 1 ). In the easternmost part of Arunachal Pradesh the Himalayn range abuts against the Trans Himalayan rangecommonly known as the Mishmi hills along the Tidding suture. The NW-SE trending mountain range appears to be equivalent of the Ladakh range lying to the north of the IndusTsangpo suture with a syntaxial bend. The Trans-Himalayan range can be subdivided into two parallel belts viz.one bounded by the Tidding suture to the west and the Lohit Thrust to the east and the other to the east of the Lohit Thrust. The former comprising meta sedimentaries and ultramafics, abuts against the Naga-Patkoi Range along the Mishmi Thrust and the latter, comprising the Lohit Granitoid Complex, continues to the SE as the northern Myanmar Range. The general elevation of the Trans-Himalayan Range is between 2500 m and 6000 m. In the last three and half decades, several scientists studied the seismotectonics of the western and eastern syntaxes to throw light on the contemporary geodynamics, crustal evolution and tectonics of the Himalaya . The dominant E-Wregional trend of the Arunachal Himalaya displays an abrupt end after a sharp syntaxial bend from NE-SW in the west to NW-SE trend in the east across the Sianggorge [26] [27] [28] [29] . The geological data on this crucial geodynamically active segment is still mostly limited to unpublished reports of the Geological Survey of India and publications by [30] [31] [32] [33] [34] . Appreciable neotectonic displacements have taken place along the "boundary thrusts" that define the boundaries of lithotectonic terranes and along many "tear faults" cutting the terrain transversely and obliquely [35] [36] [37] [38] . Since the active faults are Loci of earthquakes [29, 39] their identification and delineation are important in hazard-zone mapping and the management of natural hazards. The present studies also gave a broad regional framework pertaining to tectonics, relationship between active tectonic surfaces and seismicity, crustal structure and also focus on the enduring crustal evolution.
In Himalayan region, the Indian Plate underthrusts from the beginning at small angle, while at Burmese Arc system Indian plate dips at 30 -60 and seismically very active upto the depth of 150 -200 kms [16, 18] . The Eastern Himalayan Syntaxis (EHS) is a singular point of continental collision between the Indian and Eurasian plates, and has been a focus of geoscientific researches. The eastern syntaxis is a complex junction where the Indian, Eurasian and Burmese plates meet. It is here that the Indian plate is possibly being thrust under the Eurasian and Burmese plates to cause the uplift of the Eastern Him laya. The Eastern Himalayan Syntaxis, a sharp syntaxial bend, is defined by a popup antiformal structure verging towards the NE in the eastern terminal end of the Him layan arc. It is represented by two antiformal structures: a NE-SW-trending Namcha Barwaanti form with highgrade mobile rocks at core towards north and a NW-SEtrending Siang window with folded low-grade metasedimentary and meta-volcanic rocks of Abor and Miri formations in the south. The Eastern Himalayan Syntaxis is highly seismically active. The northwestern fault system produced a great earthquake at 1950 with several aftershocks. The Mishmi thrust, which borders Assam valley, is also active, but the epicentral distribution is different from those of neighbouring Himalayan and Burmese Arc. Eastern Syntaxis shows a clockwise rotation, North-Northeastward compression. The Assam valley, situated between Eastern Himalayas and Burmese Arc, is aseismic.
Presentation Investigations
GPS measurements have been made in campaign mode in southeast China, SE Asia covering Brunei, Indonesia, Malaysia, Philippines, Singapore, Thailand and Vietnam under the Geodynamics of South and South-East Asia (GEODYSSEA) project. Similar measurements have been made in Myanmar to infer the present-day crustal deformation around the Sagaing fault system in Central Myanmar. Since there are no GPS campaigns mode, observations from Mishmi Block occurring is poorly known.
Network and GPS Measurements
In order to carry out the crustal deformation studies of the Mishmi block a geodetic network comprising of 10 stations ( All the sites are selected in the open area on the ground, except a few, which are located on the bed of hard rock.
Monumentation
The Monumentation normally set eventually will become unnecessary when active control networks have been established (Figure 2 ). Things to consider when establishing monumentation include precision and environment. If high precision (<1 cm), repeatable results are desired, the mark itself should be 1 mm in diameter and the marker should be durable and stable in its medium. All markers should be resistant to weathering, but the type of marker used may be dictated by land use.
For sites located on the ground, we designed a monument in which a triangular steel plate (1.5 ft each side) is held at ground level by three twisted iron bars of lengths of about 1 -1.5 m having a diameter of about 16 mm. A pit is dug up to a depth of 1 -2 feet which is filled with concrete and cement till the ground level, over which the triangular steel plate is fixed.
Whereas, some campaign sites which are not suitable to construct the above monument we set up using small drilling machine. The hole about 1/2" deeper than the pin, the preferred method is to achieve a friction fit between the pin and the rock. The hole tends to widen near the top, because the bit pivots about its tip early in the drilling. Drill the hole, and blow all dust out of the hole with a long flexible tube. And check how far the pin will fall into the hole. Stainless brass pin about 3/4-inch pin were anchored into the holes using epoxy. Data at these sites were recorded with conventional 30-second samples continuously for more than three day.
GPS Processing
The GPS data obtained from the campaign site has been converted into RINEX observation files and quality check has been performed using TEQC (Translation, Editing and Quality Checking Software). The quality check plots of all the GPS data were carefully examined and the data with high cycle clips were carefully examined and the data with high cycle clips multipath and <12 h observation were removed from the analysis. The GPS data were processed using the GAMIT/GLOBK software package. In addition to the GPS data collected from study area, we processed data from a number of International Global Navigational Satellite System Service (IGS) permanently operating stations (Figure 3) 
GPS Data and Analysis
Campaign mode has been started from the month of August 2008 with 9 (nine) different stations in the Mishmi block of Arunachal Pradesh for the Geodynamic studies.
Results
The GPS data processing is carried out and baseline data are plottedin time series plots (Figure 4) corner of the eastern Himalayan terrain. The progressive deformation related to the anti-clock wise rotation of the Indian plate resulted therecent underthrusting of the Brahmaputra alluvium along the MT, and the recent deformation along the northern splays of the N-S trending dextral Sagaing strike-slip fault along which the Indian plate has moved towards north relative to the south China.
It is inferred that the recent uplift of the high-grade basement rocks along the Namche Barwa syntaxis or the EHS [40] has developed the gravity collapse related steep normal faults along the mountain frontal part of the North Eastern Himalaya, Arunachal Pradesh. Thus the active tectonics seems to be associated with the later deformation that penetrated within the Indian plate from the tectonic deformation distributed along the margins of the Indian, South China and Indo-Burmese plates, including the recent uplift of the Eastern Himalayan Syntaxis [41] . The details are described in the discussion.
wise rotation of this block around the EHS. The Pn velocities and anisotropies around EHS and surrounding regions are obtained through seismic tomography [1] . The fast directions of Pn, the polarization directions of SKS, GPS and the maximum compressive stress are consistent in the regions to the north and east of the EHS and rotate around the EHS. The anisotropy may result from the simple shear caused by the eastward mass flow of the Tibetan Plateau relative to static EHS and Yangtze Platform. The crustal shortening accommodates most of India's penetration into Eurasia has been demonstrated [2] . The Tibetan plateau moves eastward and is accommodated through the rotation of material around eastern syntaxis. North China & South China blocks and East of Tibetan plateau, moves coherently eastsoutheastward at the rates of 2 -8 mm/yr and 6 -11 mm/yr respectively, with respect to stable Eurasia. It indicates that the EHS is one of the block which has very low crustal velocity, however, it occupies a large slip. Eastern Tibetan plateau show a prominent clockwise rotation, where, stations move eastward in western Sichuan, southeastward in northern Yun-nan, and south-southeastward in southern Yun-nan. These stations show a clockwise rotation
Discussion
In order to understand the comparative deformation patterns of EHS, we like to compare the deformation rate at Tibetan Plateau, North & South China as there is clock- (Figure 7) , trending NE-SW at the eastern boundary of the Tibetan plateau (3 mm/yr) has been commented [42] . The similar trend of the EHS with much lower rates of the average crustal velocity 2.66 mm/ yr indicates typical deformation history of these two tectonically strained blocks. However, the clockwise rotation of the velocity vectors around the Eastern Himalayan Syntaxis suggests an alternate explanation, consistent with that proposed [43, 44] . They analysed 183 focal plane solutions and inferred that the curvature of the IndoBurman ranges is controlled by the geometry of the interface between the more steeply dipping part of the Indian plate and the leading edge of the overriding Burma platelet. Shallow earthquakes beneath the Indo-Burman ranges are primarily confined to the underthrusting Indian plate. Their focal mechanisms indicate strike-slip faulting and north-south shortening parallel to the eastern margin of the Indian plate. The extruding Tibetan crust rotates around the Eastern Himalayan Syntaxis, causing the southeastward to southward velocities observed in southern Yun-nan Province. This clockwise rotation continues southwestward into Myanmar is seems to be possible, because east-west contraction is suggested in western Myanmar, based on numerical kinematic models [44, 45] . Based on the comparison of various GPS studies, the velocity field indicates that relative to South China Block, all crustal motion is accommodated by clockwise rotation around the eastern Himalayan syntaxis and by strike-slip faults and shortening within the NE Tibetian region. There is northward motion within the foreland of the NE part of the Tibetan Plateau, but only very small movement of crustal material eastward beyond the eastern boundary of the plateau. The results from three rounds of GPS measurements reveal new characteristics of current movements in East and SE-Asia [46] . In the ITRF97 reference frame, motion of sites on SSC are coherently due east about an Euler pole roughly approximating that of Eurasia but with a velocity that is one third higher than the eastward directed movement of Eurasia. The eastwards motion of India is to a large extent compensated by the eastward directed motion of SE-Asia. This is still the case if we assume that the NUVEL1Aconvergence direction between India and Eurasia is approximately right whereas the velocity is an overestimate of about 4 mm/yr of the actual velocity [47, 48] . A lower velocity of India with respect to Eurasia however results in a lower rate of differential dextral motion between India and SSC along the Sagaing and related faults.
The new GPS measurements unambiguously document a gradual change in surface velocity vectors from northward convergence to eastward motion of material north of the syntaxis [49] . They combined with existing geodetic data and the GPS velocity field, which reveals a conspicuous clockwise motion of crustal material (relative to the South China block) around the eastern Himalayan syntaxis and coincident with the eastern edge of the Indian plate arcuate band [42, 50, 51] . This clockwise rotation continues south to ~lat 26˚N in Yunnan province, where motion of material turns to the west in western Yunnan. East of long 102˚E, the GPS velocity vectors turn east, diverging around the Sichuan Basin. The crustal deformation rates of Eastern Himalaya was determined by two permanent GPS station located at Bomdila and Tawang [52] . The crustal velocity at Bomdila and Tawang is 20.26 mm/yr N and 39 mm/yr E. However, the permanent GPS site at Bomdilla (BOMD) gives ITRF 2000 horizontal velocity of 20.36 ± 0.4 mm/yr (N) and 39.04 ± 0.4 mm/yr (E) which is different from that of the Shillong Plateau stations as well as Tezpur. In the Indian reference frame, BOMD gives a southward velocity of 10.6 mm/yr. Baselines of Bomdilla permanent site show convergence of 6 ± 0.3 mm/yr with Tezpur and 9 ± 0.3 mm/yr with Lhasa. This suggests that approximately 15 mm/yr of convergence is being accommodated across the Arunachal Himalaya. The Tezpur-Lhasa baseline shows a convergence of 15 ± 0.1 mm/yr which also supports the above observation. The measurements in the Arunachal Himalaya suggest that strain is accumulating both in the Lesser-Outer Himalaya (~6 mm/yr between Bomdilla and Tezpur) as well as in the Higher and Tethyan Himalaya (~10 mm/yr between Bomdilla and Tawang). The discussion leads to an interesting issue of the highly strained EHS with a very low crustal velocity. The EHS is almost a stable arc and yield enormous strain, if we compare the crustal velocity at Bomdila or Tezpur, which falls within the Indian plate. We can also compare its velocity with its Tibetan plateau, North & South China and Burmese arc region which rotates in a clockwise manner with the high crustal velocity. The EHS shows the variations in its crustal velocity along number of E-W trending Mishmi Suture, Tiding Suture and Lohit thrust. The Lohit river anomaly indicates the large variations in crustal velocity in two campaigns points (Figures 8 and  9) . The lowest velocity is 1.46 mm/yr and highest velocity is 4.20 mm/yr within a distance of 20 km, which indicates that the tectonics within these two points has some distinct boundary which is characterised by a marked variations on crustal velocities. It appears to be the result of stream anomaly in the Google map ( Figure  8) . The meandering patterns of two tributaries are diverted in right lateral direction (Figure 9 ) and another campaign point indicates the entrenchment of meanders and development of narrow gorge (Figure 8) . These morphotectonic observations indicate the surface deformation due to the highly stressed block which depicts a typical evidence for the active tectonics. The detailed trenching and paleoseismic studies might reveal more information on this highly stressed tectonic block. There is seismic record of one great earthquake of 1950 M 8.7 in this region and subsequent shifting of mighty Brahmputra river with enormous land damages instances caused by the same event. The region is also witnessed by the high seismicity which indicates the presence of high strained crust with very low crustal velocity. EHS seems to be a stable one with variation in velocities from (Figure 7) . Mishmi block of the EHS is one of the highly strained complex with a very low crustal velocity and vulnerable for the high seismic hazards like the Longman Shan of the Sichuan basin in the China. Remaining Tibetan plateau, North and South China blocks with comparable high crustal velocities in a clock wise direction.
Conclusion
The simmering tectonic stresses and likely was of relaese of stresses in the Eastern Himalayan Syntaxis can be known through telltale evidences of quaternary activities. The GPS constraints in Mishmi block reveal the very slow mothion of Mishmi complex (2.26 mm/yr with and azimuth of 45.88˚N) in relation to Eastern Tibetan Block (6 -11 mm/yr), China (14 -20 mm/yr) and Burmese Arc (19 mm/yr). All blocks are moving clockwise at a much slow rates comparing with Indian plate (65 mm/yr) on ther SW part, whereas on the NE part is occupied by a very slow moving Longmanshan block (3 mm/yr). This seems to be a deep penetration in the Indian plate on the SW part and Eurasian Plate on the NE part. The remaining Tibetan Plateau and North & South China Blocks and Burmese Arc moves at much faster rates comparing with these blocks (EHS and Logmanshan). The motion of these blocks is in strike slip manner with sinistral component. The numbers of damaging earthquakes witness the release of enormous stress at Sichuan Basin in the recent past (M7. However, only one damaging Earthquake (M8.7 1950) was triggered at EHS. Therefore, release of stresses through EHS may cause a future damaging earthquake. The further studies on earthquake occurrences and their mechanism in the EHS would be a sincere attempt to trace the size and approximate rupturing of either existing large thrusts trending NW-SE along the Eastern Himalayan Syntaxis.
Acknowledgements
Authors are grateful for the Ministry of Earth Sciences for providing the financial support to carry out the present work. We also thanks to Dr. Vineet Gahalaut, Scientist National Geophysical Research Institute, Hyderabad for his useful guidance to one of the author.
